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ABSTRACT FMDV is a viral pathogen that caused foot-and-mouth disease in animals. VPI is a major capsid
protein of FMDV. It is known as one of best materials for the FMDV diagnosis and for the development of
protein vaccine. In this study, 633 bp of VPI gene was modified for the expression of VPI in plant, based on
the VPI DNA sequence from FMDV taiwan O type and from FMDV isolated vietnam. The deduced DNA
fragment was artificially synthesized using the multiple fragment extension with long-nucleotides. A new plant
transgenic vector system, pCAMBIA1390ll was constructed on the basis of pBI121 and pCAMBIA1390. Using
this vector system and GFP gene or modified VPI gene, each target gene was introduced into Nicotiana
tabacum. The insertion of whole target gene was successfully confirmed in each transgenic plant named
GFP-A7 and VPI1-4, respectively. The expression level of each gene was estimated by RT-PCR and Real-Time
PCR using VP1, GFP specific primers.
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TFAG S 9] $3 FMDV oAl el 3E S AlgY
71, o] ZAZ st FAFHAET (OIE)l| 2|3
TAG BAAGAA T2 AL A HIA
TAGute]z 2~ (FMDV)E @A thda fdA9 7
Mol A glov, dukgoz o 7 kb A7]9] FAA
o o welAe] FHAARIE AAEo] &= polyprotein
FAxe] FEl2 5o} 3lch (Grubman et al. 2003). tjitol
A @AE FMDV strain Chu-Pei9] 44| =277} 7,733
$7]olH, 1719] polyprotein -F+HAE 7HA| 3L gloH, o]
W& F capsid protein®l VPI, VP2, VP39 VP4, genome
linked proteinl VPgl, VPg2, VPg39} 3A protein, 3719
protease, RNA 3 &40 FAz 5 & 12719 @¥d=z
U0} Zich (Feng et al. 2003). ©]& = VPI ©rA-L- capsid
protein T 7P updll A5 Sl Fa dldolzhe ol
2 FA9e gy g 2 ARGl ofg g wile)
AFelA 7 oz MeElEo] gt (Wigdorovitz 1999; Wu
et al. 2003).
ez AgHT Qe FA dguae ok
2@ vpolel 2% AHale] ghou, iale] AZol A
ot a5l B8 EMDVe] slate] 4] A1
wgk g T A ek
= 2 2A140] ek ool #lae] FMDVS)
BoAe thgel) LRl Ak FMD] of
dYo = AM-3F5LA} 3= protein vaccine (subunit B
peptide vaccine)®] WH2 o} WA 29| T3 ¥
A Q%A 9o Wal HEE Ao BN o
U, Hoe] AabA, edible vaccine 2. 29 ALg 7heA B
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il ZS A EA A AAEO BN, FANA] SFE AN
33 e o e EROA B} A 2 F88e T
7719, WA Qlo} AlFo) QS Eolal W edi-
ble vaccine 229 715448 BRI Buat AleHct VP!
o] mAENAS s FAAE, dinkelx] 2 FMDV
Taiwan O type (GenBank accession no. AF308157) %
HEY A oA K3 strain Vietnam?] VPI &7A4<g
58 7% 2 dte, T}k FMDV strainEe] thdk 28 7}
TS =ol7] Y3t MRS FHst L, Hull9] codon
usage® 1F3ste] AFHOZ AT S, FES
v} Z43x7)7] 98t CaMV 35S promotor®d 7}A| 1L,
28 e] M43 AAS $3), hygromycing selection
marker 2 AHE-3HE 2L A EFAHEE HE S A2t
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+ Gl ARE VPI A8 671482 FMDV Taiwan
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£ 107 F-912 o, 591 7k gAdnkol A3 &
HBAZ ¥3}814) long-nucleotide (80-90mers)E A A|3}a1
(Table 1), A1zl long-nucleotide (Bionics Co., Korea)S
Z 714 F4 9xel| 9+ long-nucleotide s (VPI-1F, VPI-
1R)S WA templateless nucleotide extension?] HFHOF
core fragmentZ 3HAJ313, TAH core fragment= exten-
sion-PCR (core fragmentE template = 3}o], 2138 long-
nucleotideZ ©]-&3F extension)®] H'H O & 23} extended
fragmentS A 2514 0™, o2 thA] template = &fo] &
Hhd o 2 33} 4x) 9 5xF extensiond T O BN HE
633 bp2] DNA fragmentE A|Z3}QA0) 24 GE 9
9} 47)1MEE o] 43t specific PCRE o] DNA fragmentZ
FEAZlom, 223, BINLRA D Al 54
< B3kl VP G7A}; 633 bpe] DNAS ISTAHS &=
AT (Figure 1).

w3t o] VPI F-RA7T &2 A3k vectors] pBI121e]] {A
A B E F JRE, NEE AR 18 G718 ad=
2 &31= oligonucleotideE #|2tste (VPIF-BamHI, VPIR-
Sacl) PCRE F3gto2a Wad VP19 PCR products:
THE9l o, o]2 T-vector?! pBXell &35t} pBX-VPI,
pBX-GFP plasmid DNAE A Asl5Gch PCR 242 15
mM MgCl,, 100 pmol primers, 2.5 mM dNTPs 28|31 1 X
PCR buffer (100 mM Tris-HCI, pH 9.0, 500 mM KCl, 15
mM MgCla, 1% Triton X-100)¢] &34 98 402 H7}etw
94°C ol A 3 B %<t denaturation2- 311, 5 unit®] Tag poly-
merase (GeneClone Co., Korea)Z 713t &, 94T 30 %, 63
T 30 %, 72T 1 52 30 3] F3sta, npAIo g 72°C oA
5 ¥7t final elongation F+0] FEZ3}9th. & PCR ¥k-E-
£ GeneAmp PCR System 9600 (Perkin Elmer, U.S.A.)&
Abgat o, &ZAAE vectore! pBI121ol 4918l ¢
VPI 2 2ke] Zol= & 660 bprt H Atk =483 hulz
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Table 1. Oligonucleotide sequences of VP gene for DNA artificial synthesis.
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Primer name

Primer sequence

5-CCGTCAAGCACGAGGGCGATCTCACCTGGGTCCCAAACGGCGCCCC

VPI-IF TGAGACAGCACTGGACAACACTACCAACCCAACAGCTTACCACA-3
VPI-OF 5-ATCCCTGCCCACACCTTGGTAGGGGCGCTCCTGCGAACGGCCACCT
) ACTACTTCTCTGACCTGGAGCTGGCCGTCAAGCACGAGGGCGAT-3'
VP1-3F 5-TGCGTTCATACTGGACAGGTTCGTGAAAGTCAAGCCAAAGGAACAA
) GTTAATGTGTTGGACCTGATGCAGATCCCTGCCCACACCTTGGT-3'
VP1-AF 5-ACCCCGTGACTGCCACCGTCGAGAACTACGGTGGTGAGACACAAGT
i CCAGAGGCGCCAGCACACGGACATTGCGTTCATACTGGACAGGT-3'
VPI-5F 5-ACCACCTCTGCGGGTGAGTCTGCGGACCCCGTGACTGCCACCGTC-3¥
VPI-IR 5-CCGTTGTAGACGGTCGCTAAGACACGGTGTGGAGCCGTGTAAGGCA
) GCGCCAGCCGTGTGAGGGGTTCCTTGTGGTAAGCTGTTGGGTTG-3
VPI-IR 5-TGCCTTCTGAGCTAACACTTGAAGGTCACCTCTCACGTTGTTAGTG
CTGGTGTCACCGTACTTACTGCTCCCGTTGTAGACGGTCGCTAA-3
VPI3R 5-TGTAGAGTAGTTCAGTAACACGAGTTGCCTTGATGGCACCGAAGTT
GAAGGAGGTAGGCAGAGTTCTTTCTGCCTTCTGAGCTAACACTT-3
VPI-AR 5-TTGTGTCTAGCGTCACTCGGTTGAATGGCGAGAAGGGGCCTGGGAC
AGTATGTCTCGGCTCTCTTCATTC TGTAGAGTAG TTCAGTAACA-3
VPI-5R 5-CTGTITTGCGGGTGCCACAATCCTCTGCTTGTGTCTAGCGTCACTCGG-3'

GFP- forward- BamHI 5-GGATCCCCGGGTGGTCAGTCCCTTATGAGTAAAGGAGAAGAA-3'

GFP- reverse- Sacl 5-GAGCT CTTTGTATAGTTCATCCATGCCATGTC-3

VPI- forward- BamHl 5-GGATCCCCGGGTGGTCAGTCCCTTATGACCACCTCTGCGGGT-3'

VPI- reverse- Sacl 5-GA GCTCCTGTTTTGCGGGTGCCACAATCCTCT-3'

- ACCACCTCTGCGGGTGAGTCTGCGGACCCCGTGACTGCCACCGTCGAGAACTACGGT
T TS AGTESADTZPVTATVENTYG
GGTGAGACACAAGTCCAGAGGCGCCAGCACACGGACATTGCGTTCATACTGGACAGGTTC
G ETQV QRRQHTDTIATFTILTDTR RTF
GTGAAAGTCAAGCCAAAGGAACAAGTTAATGTGTTGGACCTGATGCAGATCCCTGCCCAC
V XKV KZPZ XKEGQQVNUVILDTLMOQTIZPAH
ACCTTGGTAGGGGCGCTCCTGCGAACGGCCACCTACTACTTCTCTGACCTGGAGCTGGCC
T L V G ALLU RTATTYYTFSDTLTETL A
GTCAAGCACGAGGGCGATCTCACCTGGGTCCCAAACGGCGCCCCTGAGACAGCACTGGAC
V X HEGUDTULTWV?PNGATPETATLTD
AACACTACCAACCCAACAGCTTACCACAAGGAACCCCTCACACGGCTGGCGCTGCCTTAC
N TTNJ PTAYUHTI KTET PLTT RTILATLPY
ACGGCTCCACACCGTGTCTTAGCGACCGTCTACAACGGGAGCAGTAAGTACGGTGACACC
T A PHRVLATVYNGS SSZKTYGDT
AGCACTAACAACGTGAGAGGTGACCTTCAAGTGTTAGCTCAGAAGGCAGAAAGAACTCTG
S T NNV RGDTI LG QU VLA AG QI KATETRTL
CCTACCTCCTTCAACTTCGGTGCCATCAAGGCAACTCGTGTTACTGAACTACTCTACAGA
P TS FNT FGATIZKA AT RV TETLTLY R
ATGAAGAGAGCCGAGACATACTGTCCCAGGCCCCTTCTCGCCATTCAACCGAGTGACGCT
M K R A ETYTCPRTPTLTILATIG QT PSD A
AGACACAAGCAGAGGATTGTGGCACCCGCAAAACAG -3
R H K Q R
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Figure 1. DNA sequence of artificially synthesized VP! gene.
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HindIII Xba Ba‘mHISmaI Sacl  EcoRI
 —INOS NOS | CaMV 358 NOS [ 1.
TRB [ | CNPTI [looo L | b omoter VP1 | GFP | lpgvid T8
VP1 : 660bp
GFP : 738bp

Figure 2. A Schematic diagram of the plant expression vector, pBI121-GFP, VPI, for the transformation of Nicotiana tabacum.
pBI121 vector has CaMV 35S promoter, which is able to enhance tte expression of target gene in tansgenic plant. All genes including
BamHI and Sacl site could be used for the transformation of plants using the present vector. LB, left border; RB, right border; CaMV
35S, 35S cauliflower mosaic virus promoter; NOS poly-A, the terminator of nopaline synthase gene; NPTII, neomycin phospho-
transferase II (kanamycin resistance).

Figure 3. Restriction analysis of recombinant pBX-VPI or -GFP clones, recombinant pBI-VPI or -GFP clones, recombinant
pCAMBIA 1I-VPI, -GFP clones. Synthesized VP! or GFP gene was cloned in TA cloning vector, pBX. pBI121-VP!] or -GFP was
constructed by exchanging of VP! or GFP gene with BamHl, Sacl site in pBI121. pCAMBIA II-VP! or -GFP was achieved by
insertion of CaMV 35S promoter cassette of pBI121 vector to Hindlll and EcoRI site in pCAMBIA 1390 vector. A: Lane 1, pBX
(XcmI)-vector (2.9 kb); Lane 2, GFP PCR product; Lane 3, pBX-GFP clone (B/S). B: Lane 1, pBI121 (B/S); Lane 2, pBX-GFP
clone (B/S); Lane 3, pBI-GFP clone (B/S); Lane 4, pBI-GFP clone (Ncol, Hindlll) - 327, 528, 710, 1552, 2276, 8211 bp. C: Lane
1, pCAMBIA 1390 (H/E); Lane 2, pBI-GFP (H/E); Lane3, pCAM-GFP (H/E); Lane 4, pCAM-GFP (Bgill/Xbal) - 1.1 kb, 2.7 kb,
7 kb.

2L

a4 9422 7B 3 glok 2]y kanamycin 2134 e
- . ' CaMV 35S promotor
A o 2 Az RARsAE Adshe o o] voster

hygromycinol] H]&}e] 8312 97| wjiol, dAHEA
Adg 1o A&stn JEatA 817] $1ste] hygromycin

3§42 © CaMV 358 promoterE e A28 A&
PAAEE HelE A 2elgirh WA, pBl121 W 5 &
o] BamHl, 3'¥}e] Sacl Aeasrz F29 7+ VPI #
A2} 9 GFP 328 Ay atsa, CaMV 358 promoter 2k
NOS poly terminatorZ Z&sh= 48 F2AHEE dHE

2L ooft

¢

A=stgom, oS pBI-VPI, pBI-GFP & W&yt -

(Figure 2). Hygromycin |33 §7718 ol4e17] 91514
pCAMBIA1390 WEjol| #|3kg 4 Hindlll, EcoRIE AH8-5}0]
FrAR xS T8, ol 24 pCAMBIA 1I-VPI,
pCAMBIA II-GFP & =&ttt (Figure 3, 4). o] A% §
AAEe e 5 2ke] BamHI, 3' Btte] Sacl A|FEA
2 48 ojm@ A2 FARE £471 43R AR
o] 7VsdtAl Atk E3), CaMV 35S promoters} NOS
poly terminator® X351, hygromycin A& FAAE
A A2 RS AEE ST B ATINE

hptIt ‘ NOS-PolyA

T-border(Right)

CaMV-PolyA

T-border(Left) —

Figure 4. Genetic map of a new Agrobacterium vector system,
pCAMBIA 1390 II, for plant transformation. pPCAMBIA II vector
contains CaMV 35S promoter for strong induction and hygromycin
resistance for selection of transformants. Insertion of any target
gene is available at the same site of BamHI and Sacl around
VPI or GFP. LB, left border; RB, right border; CaMV 358, 358
cauliflower mosaic virus promoter; CaMV-poly, the terminator
of CaMV; NOS poly-A, the terminator of nopaline synthase
gene; hptll, hygromycin phosphotransferase.

pCAMBIA II-VP/, pCAMBIA II-GFP plasmid DNAE 2
ol ALgsiact.



VP1 U GFP REIXIOl T HAFE U BajAcl By

A2k §2 488 cloned freeze and thaw method (Hooy-
kaas 1989)& AN8-8l] Agrobacterium tumefaciens strain
LBA44040) FAA% 5 ghille] YA7gel] AH-siirt (Endo
et al. 2001). ©|% k&3P, ©el WVicotiana tabacum, SR1)
AQAR L AN g wfdste] AKAZ Eele] A
AT AR AR, 015 A HEe 27] (1.0 en’)
2 Aths}a, pCAMBIA I-VP] = pCAMBIA II-GFP7} 8
AR Agrobacteriume] Weylol] HANA 71e1e et
Ak Agrobacterium-2 28°C YEP wjx|ol|A] 48 AJ7F wjiok
alo] QPFSIAIF O, o] & ThA] 28 T ollx] 24 A3F Al uljek
3 S Aol ATt At AEAY HEAITRS
220 stk 24 F, AR $F filter paperol ] o} 5
57 AZSATL, 22°ColA ek 3 F (MSHIA, BA 1.5
mg/L, sucrose 3%, agar 0.8%), &84 (hygromycin 5 mg/L,
cefotaxime 200 mg/L)7} A7} &3} vl AT Mu-
rashige and Skoog 1962; Ohira 1973; Ikeda 1976). Hygro-
mycin W4-& 2= AH227H 28 AxE Peie
HiX(Zatyko 1990)ell X]4ste] ¢3lAzl &, 4] A82
g3t

SEHMSH O genomic DNA 2M

A WA =5 insert DNAS A¢Jol & v s}
7] 213}, genomic DNAE #-2]alt) Ze]2~ 100-200 mge] A|
gl chromosomal DNAE #e]3191 2™ (Bio-solution Co.,
genomic DNA extraction kit), A2l x] & Zal A4 J24
A Holl GFP 4 VPI A7} EAsR=A] A58 ERleh]
8] polymerase chain reaction (PCR)S +33}itl. PCR
o] HEg-o} AL AA kgl 100 W2 3193, 10 ng
template DNA, Z} 100 pmol primer, 1.5 mM MgCl,, 10x PCR
buffer, 2.5 mM dNTP, 2.5 U Tag polymerase= 74 =Tt
GFPSE VPI 217491 413] A% 2% 891807 9letel,
A4 2%2 93 AEAD AT primer AFEHAT,
AH4-¥ primert= GFP- forward- BamHI 5-GGATCCCCG
GGTGGTCAGTCCCTTATGAGTAAAGGAGAAGAA-3',
GFP- reverse- Sacl 5-GAGCTCTTTGTATAGTTCATCCAT
GCCATGTC-3', VP1- forward-BamHI 5'-GGATCCCCGG
GTGGTCAGTCCCTTATGACCACCTCTGCGGGT-3',
VPl-reverse-Sacl (5-GAGCTCCTGTTTTGCGGGTGCCA
CAATCCTCT-3'o]H, PCR 271 GFP2] 7% 94T oA 3
7+ WA T denaturationS- 94C oA 30 %, annealingS
58Tl A 30 %, extensione 72°C o)A 30 22 35}od 30 3]
FPsla FET PCR AHE-S A7) 8] nkxjutel 72°C oA
5 3t extensionS FH3IATE VP! 1A HES S
PCR 72 Uz 272 FU3}7A 3131, annealing2 63°C

oA 30 == gk PCR 43 & 252 1.5% agarose gel
of A71gE3te] ERIsITt izt o=, titol e VPl
3} GFP s+AAE ztal Q)= plasmid DNAE 54§ primer
E ARl FAlol PCRS F8)3te] A do]7k Abdd PCR
product bandE <3}l ow, z}7] AHs Agas Aot
©2 &ulE PCR product’} FGHASES A skt

HEMs 2Ol total RNA isolation, RT-PCR 2! Real-
Time RT-PCR 24

i

FAHgE AEA A fHzte] LdAANE sy
3|, AdA3d Gule) callus = A3 FAHSAF|X
2l (SR1)9] callus B &1 0 Z1E] total RNAE F2315iT}
(Yoon 1999). ©]& 7h3] 7)astd; Axjdset TAAPL-S
ARE-8}] 0.5 g callus B3 915 #4013 %, 1 ml Trizol reagent
(Invitrogen, Cat. No. 15596-026)2 i1, homogenizerE ©]-&
sle] 2 EalEkch E4%k 2254 1.5 ml microtubeo]] ¥
a0, Akl SEZF AX|E ¥ 250 p9] chloroform /isoamy-
lalcohol (24/1)2 €31 1527k vortex mixing, 15%7F AX&E
1587} gtk o] &-98-8- 12,000g (11,000rpm), 4°C, 15
7 Al F 4T 400~600 LE AFASt] AR
microtubedl] &tk ANH3 e H T isopropanol S
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AN

3L 2o 108 AL, o) F 1587 AN Eelshol
F5 S 3] AASIYT, 1 mLe) 75% ethanol & 9.3 4]
5 QARAG 5HL AR ALolA 208 2
AZA F, 7o) FRFE 40 pb Wl A3 =9l o)
2,260 nm 2 280 nmel A EHEES Z75] F58 RNA
o) ¥Eo} £rEE et

Z%3% RNAE ©]438 reverse transcription (RT) ThS-
o] 2AoZ ) ZF 2 ug9 total RNAE Al838l%iom, 1
X RT bufter (50 mM Tris-HCL, pH 8.3, 30 mM KCI, § mM
MgCl2, 10 mM DTT), 150 unit reverse transcriptase (MMLV),
50 pmole VPI- B-3= GFP-reverse primer, 4 unit RNase inhi-
bitor, 2.5 mM dNTP & #H7}8}a1, 45°C, 458¢] RT-reaction
of 0]e] 99T, 5Eo=2 E&3lelr F vhg-olo] ok 20 ul
o2 GeneAmp PCR System 9600 (Perkin Elmer, U.S.A))
& AHgste] 3eigit 14} PCRE total volume 100 0 0%
10 ng template DNA, 2} 50 pmol VPI- Y= GEP-forward
9 reverse primer pairs, 1.5 mM MgCl,, 10x PCR buffer,
2.5 mM dNTP, 2.5 U Taq polymerase 2 ZA}3}o] PCRE <=
3}t PCR Z71& 94 oAl 587 WAl = denaturation
2 94T oA 30%, annealing2- 63T oA 1&, exiension>
72°C A 30%2& 3}e 35 3] FYATL S PCR A=
< A7) A8 vpR| el 72°C ol A 587F extensionS 43335}
%tk 58 RT-PCR 2 Real-Time PCRol} 93t 3-8 93}
o], RT-reaction®] Z/gollA] 9] A& ARG 2 F/9
Hkg-ol = ZA} RT-reaction®} reverse transcriptaseTH2- #|
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913+ RT-reaction-3
T
Real-Time RT-PCRE Al F49 1 1 cDNA (B4 RT-
reaction = reverse transcriptase TS A]2]%F RT-reaction)
Z template 2 AHR3HE 3L, & volumeS 20 1f 2, primers=
RT-PCR#} =93 VPI-forward @ VPl-reverseE Z+ 10
pmole?] %2 ARE-dlgch FFA]ek2 2x SYBR Green
supermix (Bio-Rad)E A}&-3}9 o1, Bio-RadAl¢| Real-
Time MY-IQ machjne% Abe-sldth PCRY 2718 94T
oA 587 YA ¥ denaturationS 94T o4 30%, annea-
ling 63°C o)A} 30%, extensionS 72°C o)A 3022 3}
35 3] 4-335}9 31, Real-Time PCRE] Z7L excitation
490nm, emission< 530nm, exposure time-2 500 msec, &
B 3 &AL 327 3tgen, Cr (Threshold cycle)
value¥:= 3-12 cycled| X s BP0 FFHA 10
Hiof) BdE s FAAEE YT cyclez A3
w3 PCR#A ] £8 ¥ melting point analysisi= 55 ol
A A&t 1023 0.5CH 94C7ARA &31‘11 AgPsae
1, o|24 AAE PCR product®] =455 sk

ZANAT, P 2L EAOR WS

it

=}

Zn % 2%

ki

VP1 QIZRHAE X

VPI RE-HAR= 80-90 bp 7|2 A3} long-nucleotide
£ PCRE F38] 92N HHoZ DNAE U334k
th 53 glo] zH7he] oligonucleotide & ¥ 314=¢] PCR-E
B3 fAxte] dolg FE2AH T, ofRA ARH A=
T-vector®l] cloningdte] &H 3} o, sequencingS E3|

A7) LS B85} (Figure 1). $43¥ % VP1 DNAS]
ZolE 633 bpo[H, 21179 ofu|Ats hadlslsl Q.

o] VPl FAAE FAASA] AR pBli21 vectore) 7§A]

2SS oz AMgslsal pBII21c)A] SARte) whae) X
e = WA FETA Q) A, 18 merE L83l VP 54

A2 H2T o), start codon #|2)E}53 2, pBI121 vectord]
= NOS poly A7} EAEEE FHAE T3 A9 /\lZiE}
ol24 WEF VP! DNAS) Zol= Al%d primer®} @
Z3Fsle] & 660 bp7t HAT

VP1, GFP |TKG AZH EAME U Mz

VP1 §AR= 660 bpe) A7|=, §' deto| BamHI, 3' L
o)l Sacl enzyme siteE E&3HA stk 3 BamHIF
B VPl T GFP F34A9 X ZEE 22 18, 24 mer
9] 9718 e FE ARSI o) AEA Holla A
N7 $AAE Ao FEAT]Y] 9§ Ao, pBII2I

vector®] CaMV 358 promotor®} GUS9] AlztzE=7ke] A
219} A7) Rolt). mEkA] AFFAEE 633 bpe] VPI
A A= YPI-forward-BamHI (5'-GGATCCCCGGGTG
GTCAGTCCCTTATGACCACCTCTGCGGGT-3"),
VPI-reverse-Sacl (5'-GAGCTCCTGTTTTGCGGGTGCCA
CAATCCTCT-3)9] primer2 $E59lom, o]24 pBI121-
VPI& A3 pCAMBIA 1I-VPIS $/33tsith GFPe) 7
£, Eol|H primerE AH235te] A|ZHE GFP PCR productE
Fgog 3tol, AR} GFP-forward-BamHl (5-GGATCC
CCGGGTGGTCAGTCCCTTATGAGTAAAGGAGAAGA
A-3"), GFP-reverse-Sacl (5'-GAGCTCTTTGTATAGTIC
ATCCATGCCATGTC-3')E AHE3t Eoj% PCRE DNA
fragmentE 2] o0, T-vector cloning 2 F7|1M4Y el &
(738 bp), pBI121-GFPE A3 pCAMBIA 1I-GFPE $+4
39T} (Figure 4). B A72 Z8lo] A =o] Alzd HE
AEHA A pCAMBIA 11 vectori= target gened] A4
S A {FAR AxZAA 5 Etel] BamHI, 3' T
Sacl?] Ag E4hF Agste] 7hds] 2|3EA 35w,
o]Z 3t o9} ME L kanamycing AHE-EHaL, ¥
A g AEA oA AMHE T-border WHoll &5t
hygromycin 33E o] -&31A 3hich w3k 2l EAlst
= 5o} A 3hE target gene> CaMV 35S promoter 2
Fgo] 8 STk

VP1, GFP RUAIZE &RlE Bilf HATEH Q| Mt
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Agrobacterium leaf disk transformation Wl ojs] &

Figure 5. PCR detection of VPJ/ or GFP gene in Nicotiana
tabacum. Insertion of VPI, GFP gene was recognized by specific
PCR, respectively. Specific PCR was performed using genomic DNA
isolated from transgenic -or non-transgenic plant of Nicotiana
tabacum. PCR product of VPI (660 bp) or GFP (738 bp)
wasdetected only in transgenic plant. Lane M, PS44 (BamHl,
Hindlll); Lane 1, GFP callus PCR product (738 bp); Lane 2,
GFP PCR product in E. coli; Lane 3, VP! callus PCR product
(660 bp); Lane 4, VP! PCR product in E. coli.
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Figure 6. RT-PCR and Real-Time RT-PCR analysis of VP! in transgenic Nicotiana tabacum. In order to evaluate the expression of
mRNA (VPI), RT-PCR and Real-Time RT-PCR were performed using total RNA from transgenic strain VP/-4. A. RT-PCR analysis;
Positive control was used Actin gene (240 bp) in Nicotiana tabacum VPI-4 (low pannel). The 660 bp RT-PCR product was shown
using cDNA as template in right lane and was not shown using chromosomal DNA in left lane (upper pannel). B. Real-Time PCR
analysis; Time course of detected SYBR Green-associated fluorescence during real-time RT-PCR analysis of VPI expression. The
threshold is set at ten standard deviations above the background level from cycles 3-12. The threshold cycle (Cr) is determined by
interpolation of the time course at the threshold fluorescence level. Cr using cDNA from transgenic strain VP/-4 was estimated to
23 cycles and Cr using chromosomal DNA from same strain was 30 cycles. It means that the copy number of VP! ¢cDNA from
VPI-4 was increased approximately 2" fold than chromosomal DNA from same strain after reverse transcription (see text in detail).
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